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Nontechnical Summary
In most Western, industrialised countries the workforce is ageing rapidly. Medical research on the relationship between individual performance and age suggests that an ageing workforce could have severe negative consequences on the economic performance of the affected countries. In order to assess the possible consequences of an ageing workforce, this paper measures the impact of changes in the age structure of establishments on productivity using representative linked employeremployee panel data. We take into account that the levels as well as the changes in the age structure of establishments and their production are likely to be determined simultaneously. We apply appropriate statistical methods and test their validity rigorously. In addition, we include several crucial establishment and workforce characteristics that are correlated with productivity and age shares. To summarise, our estimates suggest that some of the previeous studies underestimates the impact of older age groups on productivity. Most of the existing studies suggest a decline in productivity beyond the age of 40. However, we find that establishment productivity increases with the share of employees until the age group 50-55 years and decreases only slightly afterwards. In addition, the inclusion of additional establishment and employee characteristics has a remarkable impact on the shape of the age productivity pattern. Based on our results, we do not find an indication that the ageing workforce will necessarily lead to a decline of the welfare of the industrialised economies because on average the age productivity profile is essentially flat. Finally, our estimates suggest that there is considerable variation in the age productivity profile amongst the establishments in the economy. This is a sign of big differences in the impact of age on the productivity amongst the establishments.
Introduction
In most industrialised economies, the age of the workforce is growing quickly over the recent years (OECD, 2008) and this trend is likely to continue (Toosi, 2007) . There are several reasons for this increase. First, the regular retirement age has been increasing in several industrialised countries during the last years and is bound to be increased in other countries. 1 Second, labour force participation of young people decreased during the last years. For example, according to OECD statistics for the population between 15 and 24 years of age the labour force participation has been decreasing between 1987 and 2007 from 56% to 45% in Europe and from 68% to 59% in the US (OECD, 2009 ). Third, low birth rates reduced the relative size of the younger cohorts in many countries.
In the field of medicine and psychology, many contributions show that the relationship between age and performance indicators depends very much on the performance dimension investigated. For example, most dimensions of physical performance decline constantly with age for virtually all types of measures, at least beyond the age of 30 to 35 years (Stones and Kozma, 1985) . For psychological performance, however, the picture is mixed (Ng and Feldman, 2008) and there seem to be various productivity related dimensions of psychological performance that show a positive relationship with age in the workforce (Waldman and Avolio, 1986; Mc Evoy and Cascio, 1989; Sturman 2003) . Since each firm has specific needs with respect to the skills and knowledge of its employees, these results indicate that the effects of an ageing workforce on productivity are likely to vary between firms. In order to assess the effects of an ageing workforce for the welfare of an economy, it is helpful to know the average relationship between the age of the workforce and establishment productivity.
During the last years several attempts have been undertaken to study the relationship between age and establishment productivity. Many of these studies suffer either from poor data with respect to number of observations, explanatory variables or missing time dimensions. Moreover, to our knowledge the obvious danger of reverse causality between age structure and productivity has so far only been tackled by few studies (e.g. Aubert and Crépon, 2006, Malmberg et al., 2008) . Finally, we argue that all of the previous studies suffer from at least one form of misspecification: Either they apply parametric assumptions about the functional forms of the age productivity profile that are difficult to defend, they suffer from dynamic misspecification, or do not include crucial information correlated with productivity and age shares.
In this paper, we estimate the age-productivity profile on the establishment level. More specifically, we estimate the marginal productivity impact of labour for different age groups. Similar to Aubert and Crépon (2006) , we derive our estimates in a Cobb-Douglas production function framework. In our estimations, we take unobserved heterogeneity and simultaneity of the age structure and the production decision into account. We compare the results from between, within and GMM (instrumental) estimates and test the validity of the hypotheses used in the different specifications. In order to control for the characteristics of the establishments as well as the characteristics of the employees we use German representative linked employeremployee panel data entailing an unusually rich list of possible control variables. Our data set combines a panel survey on the establishment level with employment register data. We find considerable differences between the age productivity profiles depending on the estimation strategy and explain them. We further demonstrate that the addition of employer and employee characteristics considerably changes the age-productivity pattern measured. In our preferred specification we find that establishment productivity does increase with the share of workers in older age-groups until the age of 50-55 years.
We do not find a meaningful decline of the productivity until the age of 60 years. This is different from most existing studies that find inverse u-shaped age productivity profiles. Moreover, our results point to considerable variation in the relationship between age and productivity amongst firms.
The remainder of this paper has the following structure. The next section provides an overview of issues that have been discussed in the literature on the impact of age on establishment productivity. In the third section we discuss our empirical estimation strategy and the fourth section provides the used representative linked employeremployee panel data set. The fifth section contains the empirical evidence on the impact of age on productivity and the impact of the estimation strategy and section six concludes.
Background
During recent years there has been a growing interest in the causal relationship between workforce age and establishment productivity and there have been several attempts to estimate the age-productivity-profile on the basis of firm/establishment level data 2 . It is the aim of this section to provide a summary of crucial issues that have been discussed in this literature. For exhausting reviews of the recent literature we refer to Börsch-Supan et al. (2005) , Gelderblom (2006) , and Skirbekk (2008) .
We start our summary with specification issues of the statistical model. A central question is how the age-effect should be specified. We basically find two different approaches in the literature. One way is the inclusion of a parametric function of the average age (e.g. Grund and Westergaard-Nielsen, 2005, Ilmakunnas and Ilmakunnas, 2008) . However, it appears that this approach puts a heavy load on the underlying parametric assumptions and the age-productivity profile. The age of peak performance is here mainly determined by the curvature of the relationship between average-age and productivity. The frequently reported inverted u-shaped relationship between age and productivity could, for example, be the outcome of restrictive parametric assumptions.
To avoid these problems, the most common solution is the use of the share of the workforce for different age-classes (e.g. Hellerstein and Neumark, 1995; Haltiwanger et al., 1999; Hellerstein et al., 1999; Crépon et al., 2003) . This allows for an unconstrained relationship between age of the workforce and productivity.
Simultaneity of the explained production output and the explanatory inputs can lead to biased estimates of the parameters of interest. In order to overcome this problem two approaches have been applied in the literature. The first is the use of lagged observations in order to instrument current values of the inputs (e.g. Crépon et al., 2003; Daveri and Maliranta, 2007; Lallemand and Rycx, 2009 ). The application of dynamic panel models provides a way to use lagged values as instruments in an efficient way (see also Aubert and Crépon, 2006) . A different way to overcome the simultaneity problem is to derive the estimation approach from structural assumptions about the underlying economic process. Olley and Pakes (1996) and Levinsohn and Petrin (2003) provide such models for the estimation of standard production functions including labour, capital and investments or intermediate inputs. Currently there exist only few studies that apply the second approach for the estimation of age-productivity profiles (Hellerstein and Neumark, 2004; Dostie, 2006) . We discuss some issues of these structural models in section three. 3 The dynamic specification of the production function, i.e. the dependence of the production output of the output in previous periods, is an issue that has been ignored by most applications so far. Prskawetz et al. (2006) provide the only application that specifies a dynamic production function. Blundell and Bond (2000) and Bond (2002) however emphasise the importance of correct dynamic specifications and propose a model where productivity shocks are allowed to be serially correlated for general production functions. Now we discuss some issues that concern the data that are used for the estimation of age-productivity profiles. The availability of longitudinal data is important for the estimation of age productivity profiles. This is especially true in the likely case where the age and quality of the capital stock or the age of the establishment correlate with the age structure of the workforce. Older workers frequently work with older, less productive capital endowment (because the endowment at their employer is older or because they work in teams with older capital than teams with younger members), Malmberg et al. (2008) . Firms change their age structure over time while they have to learn their optimal age structure and those firms with a better workforce age structure survive (Haltiwanger et al. 2007 ). In a cross section or between establishments analysis this would lead to an underestimation of the productivity of old workers because the coefficient of the share of older employees is negatively biased by unobservable third factors such as the quality of capital or establishment age. More generally, longitudinal data or within establishment comparisons correct for biases induced by unobservable time-invariant third factors that are correlated with certain age groups and establishment productivity (Crépon et al., 2003; Aubert and Crépon, 2006) .
In addition to the use of methods that are based on longitudinal data, there are several observable establishment and workforce characteristics that should be included in the estimation model because they are likely to be correlated with age and that may have an effect on the productivity of the establishment. Some of these characteristics have been controlled for in recent studies. For example, Ilmakunnas and Maliranta (2005) show the sensitivity of age-productivity profiles to the quality of capital and education data. Malmberg et al. (2008) include the age of the firm as an indicator for the vintage (and productivity) of capital used. Daniel and Heywood (2007) and Schneider (2007) argue that it is necessary to control for the tenure of the workers. Some productivity effects may stem from tenure instead of age because higher tenured employees had the opportunity to accumulate firm specific human capital. In addition, higher tenured employees tend to have a better match between their human capital endowment and the requirements of the employer and they are therefore a positively selected group (Gelderblom, 2006; Zwick, 2008) . Various studies have tried to control for the heterogeneity of the age or the age dispersion inside a firm because age mixed teams might be beneficial for certain work processes (Veen, 2008; Ilmakunnas and Ilmakunnas, 2008) . Differences in productivity between age groups might also stem from systematic increases in qualification levels obtained between different cohorts (Haegeland et al., 1999) . The human capital endowment of the cohorts strongly increases over time, in most industrialised countries. This is also the case in Germany, where acceptance numbers to universities increased, especially during the 1970s as a consequence of the so-called qualification offensive.
In this study, we apply panel GMM estimators in order to account for endogeneity bias at the age productivity profile. We specify a dynamic production function and use the share of the workforce in different age classes to measure the effect of age on establishment productivity. Our analysis is based on a large and representative matched employer-employee panel dataset that allows us to control for all workforce and establishment characteristics mentioned above and show their impact on the estimation results.
Estimation Strategy
In this section, we first outline the specification of the production function that we estimate. Afterwards we discuss different estimation strategies and some implications.
Similar to Aubert and Crépon (2006) , we start from a structural Cobb-Douglas production function. Assuming perfect substitution among workers, one can write the production function per head, for establishment j in period t as:
Value added (sales minus intermediate inputs) per head p is explained by capital per
head k and the fraction of the number of employees in age groups i, L i of the total number of employees in the establishments L. Here, a i is the marginal product of age group i; a 0 is the marginal product for the reference age group. We use age classes in five year brackets and only report the coefficients of employees between 20 years of age and 60 years of age. The estimates for the other age classes are summarised in a separate variable but are not reported because they are likely to reflect unobserved characteristics of employees at the fringes of the age distribution -very young employees and very old employees are usually specific individuals. In addition, they represent only a small fraction of the population of all employees. 4
This specification, however, is likely to provide an oversimplified view on the production process. For example, additional workforce characteristics such as the composition of the labour force with respect to education, tenure, age variance and qualification or establishment characteristics such as the technical state of the capital stock, sector or export activities should have an impact on the outcome. Moreover the production in one time period might be a function of the production in previous periods.
Therefore, we also apply estimations where the production function is extended in two important ways. First, we allow for additional explanatory variables X j and include a broad range of relevant establishment specific. Second, we specify a dynamic model
where the production of one year is allowed to be a function of its past values:
We consider various ways of estimating the production function. In a first step, we estimate pooled ordinary least squares (OLS) of equation (1) and (2). However, the OLS estimates are likely to be miss-specified because the value added and the age structure might be determined simultaneously (Griliches and Mairesse, 1998) .
Successful establishments for example recruit more workers and job entrants tend to be younger than those who leave the enterprise (Heywood et al., 2009; Zwick, 2008) . In addition, the variation between the establishments is likely to drive the results and we can only observe part of the heterogeneity between establishments (Prskawetz et al., 2006 ) -establishments with better industrial relations might be able to bind their employees longer, for example, while they enjoy a higher productivity (Addison et al., 2009 ). Finally, the age structure might have lagged effects on value added because establishments react not immediately to the need to improve relative productivity of their ageing workforce.
In a next step we switch from a between estimation to a within estimation using Fixed
Effects. They sweep out unobserved time-invariant heterogeneity. When it comes to the estimation of our production functions, Fixed Effects estimates are no panacea for simultaneity problems, however. Simultaneity may arise since, within a firm, also changes of production and age structure between years are likely to be determined in the same period. An example is that an increase in production is associated with the hiring of workers. Since hirings are likely to be predominantly in young age classes, this will lead to a simultaneous change of production and age structure -and consequently the estimates can not be interpreted as an effect of a change of the age structure on productivity. The latter arguments suggest that neither OLS nor Fixed Effect estimates are likely to be particularly useful for the estimation of age productivity profiles. This is the case since both approaches are not able to cope with the presence of simultaneity between the age structure and productivity.
In order to control for the described endogeneity problems, we apply static and dynamic GMM estimators (Arellano and Bond, 1991; Arellano and Bover, 1995; Blundell and Bond, 1998) . The basic idea of these estimators is to use lagged levels as "internal instruments" for contemporary differences and lagged values of differences of the same variable as internal instruments for contemporary levels. Generally speaking, the underlying assumption is that contemporary shocks that may affect productivity and the age structure of the workers are orthogonal to the past level of capital and the age structure of the establishment (Aubert and Crépon, 2006) .
To derive a valid set of instruments, we start with a "difference GMM" (Arellano and Bond 1991) It is likely that recent lags have a greater explanatory power and it is therefore desirable to include the smallest lag that still satisfies the orthogonality conditions. The set of valid lags depends on the nature of the explanatory variables. For example, strict exogenous variables do, by assumption, not require the use of lagged variables whereas predetermined or endogenous variables require at least a lag of one or two periods, respectively. In practice, we start by the assumption of endogenous variables with a lag of high order and test gradually the validity of instruments that are based on recent lags.
Since the model is overidentified we can apply the abovementioned Sargan/Hansen test in order to check statistically whether the recent lags are valid instruments.
In a further step we also apply "system GMM" estimations. Roughly speaking, here the set of equations from "difference GMM" is augmented by additional equations in levels.
The differences of the explained variables provide instruments for the equation in levels and the set of available moment conditions can be augmented accordingly. For a discussion of the underlying economic assumptions that are behind these additional instruments, we refer to Arellano and Bover (1995) , Blundell and Bond (1998) and Bond (2002) . Again, the validity of the additional instruments and hence the underlying assumptions can be tested by means of the Sargan/Hansen tests. Blundell and Bond (2000) and Bond (2002) have recently put an emphasis on correct dynamic specifications for the identification of the parameters of interest. We include the one and two year lag of the explained variable to allow for dependence of productivity on its recent values. We apply a test for autocorrelation in the disturbance terms appropriate for GMM panel estimates (Arellano and Bond, 1991) to check the presence of serial correlation in order to test the dynamic specification of the model.
To summarise, we apply dynamic GMM methods and use lagged values of the explanatory variable to instrument contemporary values. In order to find the correctly specified model, we start with moment conditions that require relatively mild assumptions and augment the set of instruments step by step. The validity of the additional instruments is tested by means of the Sargan/Hansen test for overidentifying restrictions. We also apply the test for serial correlation in the disturbance term in order to check whether the dynamic specification of the model is correct. Blundell and Bond (2000) propose a different specification of the production function.
Applying their model would boil down to equation (2) without the lagged dependent variables included; instead, the error term , j t  is composed of a serially uncorrelated error term and, in addition, of an element that depends on its lagged value of the previous period:
In this model, can be interpreted as a productivity shock that is allowed to be autoregressive. The dynamic (common factor) specification of this model can be consistently estimated by GMM methods (see also Bond, 2002) . In order to derive the estimates of the underlying model, we impose these restrictions by the means of minimum distance estimates. The validity of the common factor restriction and hence the model can be tested within the minimum distance framework (Hempell, 2006) . We estimate the Blundell and Bond (2000) type of specification. In our case, the restrictions are clearly rejected at the 1% level. We conclude that the Blundell and Bond (2002) type of model cannot be applied in our case. , j t v 6 Olley and Pakes (1996) 7 (OP) and Levinsohn and Petrin (2003) 8 (LP) propose different, more structural approaches for the estimation of production functions. They start from assumptions about the economic behaviour and timing of information and input decisions by firms and derive their estimation methods based on these assumptions. Bond and Söderbom (2005) and Ackerberg et al. (2006) question the identification of these approaches, even for cases where the underlying economic assumptions are 6 The estimates and the test results for the system GMM Minumum Distance Estimator (MDE) are available on request. 7 For an empirical application of Olley and Pakes on age-productivity profiles, see Hellerstein and Neumark (2004). fulfilled. Their main concern is identification because there are problems of collinearity in the first step estimations of the labour coefficient and material input coefficient for LP or the investment coefficient for OP. Ackerberg et al. (2006) (ACF) propose an estimation procedure to solve these issues that assumes a strict time schedule for the decisions on material inputs/investments, labour, and capital. We think, however, that the assumptions that are required for the OP/LP/ACF-type of estimations are likely not to hold in our case. First, the assumption that productivity shocks are the only unobservables entering the investment function (OP) or the intermediate input (LP) rules out the existence of optimisation and measurement errors. Both errors are likely to be present in real world data, at least to some extent. Second, the identification of the OP/LP/ACF-models builds on assumptions about the (unobserved) timing of information about productivity shocks and the timing of input decisions for the different inputs. While these assumptions may be reasonable for specific industries, it seems to be an easy exercise to invalidate the same assumptions for other industries. Therefore it is problematic to apply these models for the estimation of production functions for the economy as a whole. Additionally, in this paper, age differences of the labour force are a focus of the analysis and employment protection, skill shortages or industrial relations could lead to complex timings with respect to employment decisions for different age groups. For example, older employees are stronger protected by labour law or by agreements against dismissals and for example works councils have a say who is dismissed and hired (Addison et al., 2009) . To summarise, we think that key assumptions of the OP/LP/ACF-models do not apply in our case. Therefore, we believe that these models are not helpful for the evaluation of representative age productivity profiles in this study.
Data
In order to estimate the impact of the age structure on establishment productivity, this paper uses the waves 1997-2005 of the linked employer-employee data set (LIAB) of the Institute for Employment Research (IAB). 9 We use a version of the LIAB that Only establishments with more than five employees are included and in order to increase the homogeneity of the sample further, the public sector, the non-profit sector and the financial sector are excluded. In order to have a proxy for the capital stock, we use the yearly information on investment and the depreciation rates on the two-digit sector level according to the perpetual investment method (Zwick, 2004) . For the starting value, we use the average of real investment and divide it by the sum of the depreciation rate and the average growth rate of investment (Hempell, 2006) . Capital in the next period is then calculated by capital in the previous period plus investment and minus depreciation. About eight percent of the establishments never report an investment during our observation period. We apply two different strategies to cope with these missings. On the one hand, we delete the establishments that never report investments. On the other hand, we impute the missing values for capital stocks.
Applying a sensitivity analysis, both empirical strategies lead to similar results, though.
The results reported in this paper are derived with the imputed capital stocks.
Individual tenure and experience are censored in some cases. For employees in West Germany we know the exact date for experience and tenure since January 1 st 1975 and for East Germany the dates are known since January 1 st 1990. For observations before these dates the censored date is given. This means that between 16% (1997) and 10% (2005) of the West German and between 46% (1997) and 27% (2005) of the East German employees have censored values. We account for censoring by multiply imputing their values (compare Gartner, 2005) . We define 20 cells for different gender, qualification (five groups), and nationality. For each cell, censored Tobit regressions are estimated separately including the covariates tenure, tenure squared, age, age squared, a dummy for East Germany and the level of education. Yearly imputation of the values for experience and tenure could lead to excess variance in these variables and therefore, for each employee, only the first value for tenure and experience is imputed. For each additional year the employee stays in the same establishment we update the value for experience and tenure by adding one year to the value of the last year.
Since we are interested in the productivity per head we have to compute the amount of the input factors per head. To cope with workers that have only part-time contracts we count each part-time employed worker by one half. Apprenticeships are included but their share is controlled for because they can be expected to have a lower productivitythey only work four or three days per week. For a short description of the variables and their mean values, we refer to Table 1 in the appendix.
Results: The Age-Productivity Profile
In this section we summarise our findings concerning the age-productivity profile. As mentioned in section three, we present the results for 5-year age classes from 20-60 years of age. For the results of the control variables we refer to the tables in the appendix.
The pooled OLS estimation without further explanatory variables leads to an ageproductivity pattern that is comparable to existing results in the literature (Aubert and Crépon, 2006) . Figure 2 provides a visual representation of the age-productivity profile obtained by pooled OLS. In this case, the age productivity profile increases until the age group 30-35 years, then decreases until the age group from 45-50 years and finally increases again. Most age groups have a significantly smaller productivity than the reference group.
In the past, several authors have argued that it is necessary to control for workforce and establishment characteristics in order to avoid biases in the age-productivity profile, however. According to the arguments collected in our background section, we include gender, nationality, share of apprenticeships, age variance, qualification groups, average tenure, and technical conditions of the equipment, the share of part-time workers, an export dummy, and the economic sector. Figure 3 illustrates the age-productivity profile for the pooled OLS-estimates, after the inclusion of additional explanatory variables. Controlling for these variables, the total impact of age decreases considerably. Moreover the age group with the maximum productivity shifts to the age group 35-40 years. The productivity of workers older than 40 years is now decreasing slightly and the inverse u-shaped age effect for the old workers that we have found in Figure 2 is smaller, compare Figure 3 . Note that the Arellano and Bond (1991) test for autocorrelation in the disturbance terms provides an indication for the presence of serial correlation, which could point to a dynamic misspecification. The Fixed Effects estimator leads to an essentially flat age-productivity profile; 11 see Figure 4 and Table 4 . However, as argued in section 3, the pooled OLS as well as the Fixed Effects estimator are likely to suffer from endogeneity problems.
Figure 4: Fixed Effects with explanatory variables
Note: 95% confidence intervals are indicated by the bars.
In order to cope with the endogeneity problem of age shares in productivity estimations, we apply panel GMM methods. Since one of our concerns is a correct specification of the dynamics of this model, we explore different dynamic specifications and use the Arellano and Bond (1991) test for autocorrelation in the disturbance terms as a specification test. As explained in section 3, we start with a Blundell and Bond (2000) type of specification, where productivity shocks are allowed to be autoregressive. In practice this boils down to the estimation of an unrestricted model. The parameters of the underlying, restricted model can then be derived by the means of minimum distance estimates. However, the implied common factor restrictions are clearly rejected at the 1% level. In the next step, we include the lags of the dependent variables into the model. Roughly speaking, this specification implies that the levels of productivity are autocorrelated. We find that the model with two lags of the dependent variable included provides a satisfying result in the sense that the test for remaining autocorrelation in the residual provides the required pattern. As expected we find a significant negative effect parameter for the AR(1) in the residuals (see Roodman, 2006) but no indication for AR(2) in the residuals.
We again first estimate a "parsimonious" version of the Difference GMM model, without the control variables mentioned above. We find that the productivity increases up to the age group 50-55 years and hardly declines afterwards. In addition, the variance of the estimates increases and we do not find a significant effect of age relative to the reference group. Next, we estimate the Difference GMM model with the additional control variables. In our preferred specification, we include the lags before t-3 for the variables of our parsimonious specification and the lags t-2 -t-5 for the additional control variables. We find that the age productivity profile differs from the parsimonious specification in the following ways: the negative effect of the share of young workers is less pronounced and the increase in productivity between the age groups 35-40 and 50-55 becomes almost linear. With this specification, we find that the productivity of the age group 50-55 years is significantly higher at the 10% level than the productivity of the age group 30-35 years, compare Figure 6 and Table 6 . Our results suggest that there is ample variation in the age-productivity profile amongst establishments in the economy. 12 In order to test the validity of the instruments, we apply the standard Sargan/Hansen tests of overidentifying restriction separately for the variables of interest and for the control variables. Our tests indicate that all instruments are fine. Also the test for autocorrelation in the residuals indicates that the model is correctly specified. Finally, we also estimate System GMM estimates where we include additional moment restrictions. As described above, we cannot find any specification where the additional instruments have not been rejected by the Sargan test for overidentifying restriction. On the basis of this test we prefer the specification for Difference GMM, the results of the System GMM estimates are reported in Figure 7 and Table 7 . Note: 95% confidence intervals are indicated by the bars. Blundell and Bond (1998) point to the danger of biased results induced by weak instruments when applying Difference-GMM methods (Staiger and Stock, 1997) and also demonstrate that this approach is problematic when the data series are close to a unit root. We check the key variables that have been used for the estimates and the hypothesis of a unit root in the series is rejected at any common significance level on the basis of a Dickey-Fuller Test. In addition, we use a large data set that contains information on several thousand establishments for up to 9 time periods. This should help to reduce the problems that are induced by finite samples. Finally we would like to point to the fact that there is plenty of variation in the age structure of the establishments. This is partly a consequence of exogenous reasons, since during the observation period the age structure for the workforce strongly changes, partly due to demographic reasons. Figure 8 (in the appendix) provides the age structure of the employees in our data for different years. One can clearly see how the cohorts move through the age groups -the dip in the post war age cohorts grows slowly out of the workforce. This movement should have a remarkable effect on the age structure of the establishments.
In order to check the sensitivity of our analysis to specific aspects of our data set or specifications, we run several tests. The static specifications of the production function have been rejected since our specification test indicated autocorrelation in the residuals.
As mentioned above, also the dynamic specification of Blundell and Bond (2000) has been rejected on the basis of a statistical test. One could also be concerned by the fact that the average tenure of the employees in the establishments is highly correlated with the age structure and that the high standard errors are a consequence of this correlation.
In order to check whether this indeed is an issue, we estimate the final model without the tenure variable. The general picture does not change, however, and we decide to include tenure in the set of control variables for the preferred set of estimates. We also check the sensitivity of the results with respect to the size of the establishments -we exclude all establishments with more than 150 employees. Our results also seem not to be sensitive with respect to this change in the sample.
To summarise, our estimates suggest that OLS underestimates the impact of older age groups on productivity. In addition, the inclusion of additional establishment and employee characteristics has a remarkable impact on the shape of the age productivity pattern. Based on our results, we do not find an indication that the ageing workforce will necessarily lead to a decline of the welfare of the industrialised economies because the age productivity profile is essentially flat. The large standard errors indicate however that there is considerable variation in the age productivity profile amongst the establishments in the economy.
Conclusions
This paper shows that establishment productivity increases with the share of employees until the age of 50-55 years and only decreases slightly afterwards. Our findings suggest that previous estimates may be biased since they either do not take into account endogeneity of the age share, time dependencies, or essential information correlated with productivity and age shares such as workforce tenure, the technical state of capital, and qualification.
Large standard deviations point to important variation in the age productivity profile among establishments in the economy. This observation is in line with medical research that suggests that the age-profiles depend on the specific type of work.
Another explanation could be that there might be important variation in the way firms try to prevent potential negative effects of ageing or exploit the specific capabilities and experience of old workers.
Our estimation approaches are the first steps in the direction of a comprehensive study of the relation between age and productivity. They illustrate that the estimation results of previous papers might be biased if endogeneity and unobserved heterogeneity between establishments are not taken into account. The rigorous application of well known statistical specification tests proofs to be helpful to determine a valid specification.
Several existing papers have investigated how the age-productivity profiles might differ between establishment groups and for different personnel measures chosen by the management such as flexible working time for older employees, specific training for older employees, or mixed age teams. An interesting new step therefore will be to differentiate between the age productivity profiles of for example small and large, old and young firms, different sectors or establishments pursuing different personnel measures for their older members of their workforce. Arellano-Bond test for AR(1) in first differences: z = -2.76 Pr > z = 0.006 Arellano-Bond test for AR(2) in first differences: z = 0.20 Pr > z = 0.840
Instruments for orthogonal deviations equation:
GMM-type (missing=0, separate instruments for each period unless collapsed) t-3 to t-8 for: logva logcapital age_25 age_30 age_35 age_45 age_50 age_55 age_60 age_99
Sargan test of overid. restrictions: chi2(133) = 141.44 Prob > chi2 = 0.292 Hansen test of overid. restrictions: chi2(133) = 132.11 Prob > chi2 = 0.505 
